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(54) Method and compositions for toughening polyester resins 

(57) An acrylic modifier composition for improving 
impact resistance of polyester compositions is provided 
which comprises (a) between about 10% to about 90% 
by weight of a first component selected from the group 
consisting of an ethylene alky I acrylate co-polymer and 
ethylene alkyl methacrylate copolymer, wherein the 
alkyi is C1 to C10; and (b) between about 10% to about 
90% by weight of a second component selected from 
the terpolymer group consisting of ethyl ene/alkylaw 
ytate/ glycidyl methacrylate; ethylene/alkyl acrylate/gly- 
cidyl acrylate; ethylene/alkyl methacrylate/glycidyl 
acrylate; and ethylene/alkyl methacrylate/glycidyl meth- 
acrylate, wherein the alkyl is C1 to C10. Polyester com- 
positions toughened by addition of the modifier 
composition are disclosed, as are articles molded from 
these compositions and processes for forming these 
polyester compositions. 
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Description 

Field of the Invention 

The present invention relates generally to a polyester resins, and specifically to compositions, additives and meth- 
ods of making such resins, for providing resins with desirable qualities. 

Background of the Invention 

In general, the use of olefinic impact modifiers in polyester compositions to provide molded articles having 
improved mechanical properties, particularly improved impact resistance has been well known. US Patent No. 
4,172,859 claims polyester blends including ethylene/methyl acrylate/glycidyl acrylate polymers. US Patent No. 
4,753,980 refers to polyester Compositions comprising 60-97 weight percent of a polyester matrix (e.g., PBT and/or 
PET) and 3 to 40 weight percent of an ethylene copolymer of the formula E/X/Y, where E is a radical formed from eth- 
ylene; Y is selected from the group consisting of glycidyl methacrylate and glycidyl acrylate and X is a radical formed 
from 




where R 1 is alky I of 2 to 8 C, and R 2 is H, CH 3 or C2H5. These compositions contain an ethyl ene/acrylic polymer where 
R 1 of radical X is methyl. This patent refers to ethylene/butylacrylate/glycidyl methacrylate modifiers as superior to eth- 
y! en e/meth acrylate/glycidyl methacrylate modifiers at lower temperatures. 

US Patent No. 5.1 75,204 refers to thermoplastic resin compositions which comprise an aromatic polyester and 1 
to 50% by weight of a multi-phase structure thermoplastic polyester which is a graft copolymer of 5 to 95% by weight of 
epoxy group-containing ethylene copolymer and 95-5% by weight of a vinyl polymer or copolymer obtained from at least 
one vinyl monomer. 

These, and other compositions of the prior art are used as materials for industrial parts, electrical and electronic 
machine parts, automobiles parts and the like. See, also, U. S. Patent Nos. 4,140,670; 3,368,995; Re. 32,334; 
4,499,239; 4,694,042; 5,407,706 and 5,543.464, among others. 

There remains a need in the art for polyester based resins which have the improved qualities of toughness, i.e., 
resistance to impact, as well as melt flow properties enabling the use thereof in molded forms. 

Summary of the Invention 

In one aspect, the present invention provides acrylic modifier compositions for improving impact resistance of pol- 
yester compositions. Such modifier compositions include (a) between about 1 0% to about 90% by weight of a first com- 
ponent selected from any of the copolymers ethylene alkyl acrylate copolymer and ethylene alkyl methacrylate 
copolymer; and (b) between about 10% to about 90% by weight of a second component selected from the terpolymers 
ethylene/aJkylacrylate/glycidyt methacrylate; ethylene/alkyl acrylate/glycidyl acrylate; ethylene/alkyl methacrylate/glyci- 
dyl acrylate; and ethylene/alkyl methacryiate/glycidyl methacrylate. 

In another aspect, the invention provides a polyester composition having improved characteristics of impact resist- 
ance comprising between about 40 and about 90% by weight of the total composition of a polyester resin containing a 
polyester and minor amounts of additives; between about 10 to about 50% by weight of the modifier composition 
described above, from 0 to about 50% by weight of the total polyester composition of a reinforcing agent, and from 0 to 
about 20% by weight of the total composition of a flame retardant composition. 

In still another aspect, the invention provides an article of manufacture molded from the polyester composition 
above<l escribed. 

In yet a further aspect, the invention provides a method for increasing the strength and impact resistance of poly- 
ester resins comprising adding to a polyester resin a modifier composition as described above. 

In still a further aspect, the method includes the steps of providing (a) a polyester resin, (b) a modifier composition 
of this invention, (c) an optional reinforcing agent and/or filler, and (d) an optional flame retardant composition; introduc- 
ing (a), (b), (c) and (d) either individually or as a blend into an extruder. In the extruder, the mixture of (a), (b), (c) and 
(d) is melted at a temperature in excess of the melting temperature of the polyester, and extruded as an intimate mix- 
ture. The extrudate is then cooled to decrease the temperature thereof and solidify the mixture. A final step involves 
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physically reducing the size of the solid polyester composition, i.e., pelletizaticn. 

Other aspects and advantages of the present invention are described in the detailed description below and in the 
claims. 

5 Brief Description of the Drawings 

Fig. 1 A is a scanning electron micrograph (SEM) of a terpolymer useful in this invention, i.e., an ethyfene/methyl- 
acrylate/glycdylmethacrylate terpolymer. Magnification is 2000x. This terpolymer is a homogeneous composition. It is 
not mufti -phase, nor particulate. 

io Fig. 1B is a SEM of an ethyl ene/methylacrylate copolymer useful in this invention. Magnification is 2000x. This 
copolymer is a homogeneous composition. It is not multi-phase, nor particulate. 

Fig. 2 is a SEM of a polyester composition containing PET with fiberglass and 5% by weight of an ethylene/ethyl- 
acrylate (EE A) copolymer. This composition demonstrates poor adhesion of impact modifier (EEA copolymer) used to 
the PET matrix, and an average particle size greater than 1 micron. 

is Fig. 3 is a SEM of a polyester composition containing PET with f toerglass and 20% by weight of an ethyl en e/meth- 
ylacrylate/glycidylmethacrylate terpolymer. This SEM demonstrates good adhesion to the PET matrix, and an average 
particle size of less than one micron. 

Fig. 4 is a SEM of a polyester composition of PET with fiberglass and 20% by weight of an ethylene/methylacrylate 
copolymer. This SEM shows elongated particles with a size greater than one micron, and poor adhesion to PET 

so Fig. 5 is a SEM of a polyester composition according to the invention containing PET with fiberglass and an impact 
modifier of 4% by weight of an ethylene/methylacrylate/glycidylmethacrylate terpolymer and 16% by weight of an eth- 
ylene/methylacrylate copolymer. This SEM shows an average particle size of about 1 micron, a spherical particle shape 
and good adhesion to the polyester. 

25 Detailed Description of the Invention 

The present invention provides a novel impact modifier composition which, when added to certain polyester com- 
positions which can be molded into articles such as automobile parts, etc., increases the impact resistance of such arti- 
cles, i.e., toughens such compositions. Particularly the modifier compositions of this invention enable the provision of a 
30 polyester composition or resin characterized by increased impact resistance with minimal effect upon the solvent resist- 
ance of polyester compositions. The resulting molded article from the polyester compositions of this invention also have 
relatively high elongation at break and a good flex modulus. 

As used herein, the term "acrylic modifier composition" or "impact modifier composition" refers to a copolymer/ter- 
polymer two-component composition described in detail below. 
35 As used herein, the term "polyester resin", refers to a polyester, or blend thereof with a minor amount of additives, 
not including the flame retardant composition or reinforcing agents or fillers, as defined below. 

As used herein, the term "polyester composition" or "total composition" refers to a novel composition of the inven- 
tion which contains a polyester resin, the impact modifier composition of this invention, and optionally includes flame 
retardants and reinforcing agents or fillers, as described in detail below. 

40 

I. Impact Modifier Composition 

One aspect of this invention is a novel impact modifier composition for addition to polyester resins or compositions, 
which are intended to be molded at high temperatures into industrially desired, impact resistant and hydrolysis resistant 

45 articles. Such novel impact modifier compositions are formulated to contain two components, a copolymer and a terpol- 
ymer. Each component may form between 10 to about 90% of the modifier composition. 

The copolymer component is either an ethyl ene/alkyl acrylate co-polymer or an ethylene/alkyl methacrylate copol- 
ymer. The alkyl component of the acrylate or methacrylate polymer in either copolymer has desirably between 1 to 10 
carbon atoms. Preferably, the alkyl acrylate or methacrylate polymer of the copolymer is a methyl acrylate or methyl 

so methacrylate. Preferably, the copolymer comprises at least about 30% by weight of the alkyl acrylate or alkyl methacr- 
ylate, with the balance being the ethylene polymer. A variety of such copolymers having suitable molecular weight 
ranges (M n =~1 5,000 to ~ 50, 000) or suitable viscosities (melt index of 1-300 g/10 minutes at 190°C/2.16 kg) are com- 
mercially available. Suitable commercially available copolymers are ethyl ene/methyl acrylate copolymers sold under 
the tradenames LOTRYL 29MA03 [Elf Atochem]; and other copolymers sold as PRIMACOR 1420, 1430. 1410-XT or 

55 5980 [Dow Chemical]; EMAC SP 2205 and 2207 [Chevron Chemical Co.]: the NUCREL product line [DuPont]; and 
OPTEMA TC-1 1 1 [Exxon Chemical], among others. 

The terpolymer component of the modifier composition is selected from an ethylene/alkylacrylate/glycidyl methacr- 
ylate; an ethylene/alkyl acrylate/glyctdyl acrylate; an ethylene/alkyl methacrylate/glycidyl acrylate; and an ethylene/alkyl 
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methacrylate/glycidyl methacrylate. The alkyl component of the acrylate or methacrylate polymer in the terpdymer 
desirably contains between 1 to 10 carbon atoms. Preferably, the alkyl acrylate or methacrylate polymer of the terpdy- 
mer is a methyl acrylate or methyl methacrylate. Preferably the terpolymer comprises between about 1 to about 15% 
by weight of the glyckJyl acrylate or glyddyl methacrylate, and between about 1% to about 40% by weight of the alkyl 
acrylate or alkyl methacrylate, with the balance being the ethylene units. A variety of such terpdymers having suitable 
molecular weight ranges (M n = ~1 0,000 to "70,000) are commerdally available. Suitable, commercially available terpol- 
ymers include an ethylene/methyl acrytete/glyddyl methacrylate terpolymer sold under the tradenames LOTADER 
AX8900, AX8920, AX8660, AX8850. AX8870, AX8840 [Elf Atochem], 

The copolymer and terpolymer components of the modifier composition are characterized by a uniform structure 
(see Figs. 1 A and 1B). Unlike other impact modifiers of the art, these elastomers have no multi-phase structure. 

As will be dear to one of skill in the art, from a review of this specification and particularly the examples hereof, a 
variety of such modifier compositions can be designed to fall within the parameters of this cfisclosure. 

In polyester compositions of this invention, the total amount of an impact modifier composition as defined above 
forms at least 10% of the total composition. The impact modifier compositions may form 20% of the total composition 
in other embodiments and in certain applications, may form up to 50% by weight of the total polyester compositions. 
Advantages of the modifier compositions of this invention indude providing an acceptable melt viscosity to the total pol- 
yester composition. In practical terms, such modifier compositions are also cost-effective compared to other modifiers 
of the prior art. 

//. Polyester Compositions 

Polyester compositions are thus provided which incorporate the impact modifier compositions described above. In 
general, such polyester compositions are defined as a pdyester composition having improved charaderistics of impact 
resistance and containing the following components: 

(a) between about 40 and about 90% by weight of the total composition of a polyester resin containing a polyester 
and minor amounts of additives; 

(b) between about 5 to about 25% by weight of the total composition of a component selected from the group con- 
sisting of the co-polymers described above; 

(c) between about 5 to about 25% by weight of the total composition of a terpolymer as defined above. 

(d) from 0 to about 50% by weight of the total composition of a reinforcing agent; and 

(e) from 0 to about 20% by weight of the total composition of a flame retardant composition. 

As is dear from the above description of the impact modifier composition, the components (b) and (c) of the pdy- 
ester composition form the impact modifier composition of the invention. Desirably, then, the total amount of the impact 
modifier composition in the total composition (i.e., components (b) and (c)) does not exceed 40% by weight of the total 
weight of the composition described above. Also preferably the total amount of the impad modifier composition in the 
polyester composition does not exceed 30% by weight of the total weight of the polyester composition. In another 
embodiment, the total amount of the impact modifier composition in the polyester composition does not exceed 20% by 
weight of the total weight of the polyester composition. 

According to this ernbodiment of the invention, the polyester composition can employ any number of thermoplastic 
polyesters known to be amenable to molding to prepare parts. Such polymers should have a suitable stability to the 
molding conditions as is well known to those of skill in the art. A suitable pdyester may be selected from polyethylene 
terephthalate (PET), polybutylene terephthalate (PBT), poly(ethylene-2,6-naphthalate) (PEN), polyethylene naphtha- 
late bibenzoate (PENBB). poly (1 ,4-cydohexanedimethanol terephthalate) (PCT), polypropylene terephthalate (PPT), 
polybutylene naphthalate (PBN), and liquid crystal polymers (LCPs) such as, for example the VECTRA® brand LCP 
(Hoechst Celanese Corporation, Somerville. NJ). Still other suitable polyesters are copolyesters, for example. poly(1 ,4- 
cydohexylene dimethylene terephthalate-co-isophthalate), poly(ethylene terephthalate-co-ethylene naphthalate 
(PETN), and the like. PET and PBT are the most preferred due to their large availability as well as the fact that molding 
df such resins are well-known in the industry. 

Blends of the above-listed polyesters may also be suitable for polyester compositions of this invention, including 
preferably blends of two of such polyesters. Blends of three or more polyesters can be used. Such two component 
blends are formed by a ratio of between about 5 to 50 % by weight of the total Wend. For example, a preferred blend 
useful in this invention is a ratio of between 5 to about 25% PET and about 75 to about 95% PBT. absent other ingredi- 
ents. 

Additionally, such polyester resins or resin blends can contain minor amounts of other polymeric materials, such as 
polycarbonates, polyphenylene sulfide, polyarylate, polyamide and the like and mixtures thereof. 

Preferably these polyesters or co-pdyesters are characterized by inherent viscosities of at least 0.4 as measured 
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by ASTM D-2857, and no higher than about 1 .4. The modif ier composition components (b) and (c) of this invention are 
very useful with PET alone. 

Also as part of the polyester resin of the polyester composition are conventional additives known to the art. Some 
of them include, for example, antioxidants, stabilizers, lubricants, nucleating agents, colorants, mold release agents, 

5 ultraviolet light stabilizers, and the like. Examples of suitable antioxidants include phosphites. Examples of suitable sta- 
bilizers include bis-phenol A based epoxy. Examples of suitable lubricants include olefinic waxes. Examples of suitable 
nucleating agents include sodium salts. Additives which improve physical properties can also be employed including 
those which improve tensile strength or the other physical characteristics desirable in such resins. Some of these char- 
acteristics are listed in Table 1 below. These additives are present in relatively minor amounts and do not unduly affect 

w the desired characteristics of the finished products. Generally, the additives are present in an amount of between about 
1 to about S% of the total composition. 

A separate and optional component of the polyester composition is a flame retardant composition or package used 
at a conventional level. Generally, such flame retardant compositions include a bromine containing compound (such as 
brominated polycarbonate, decabromodiphenyloxide, brominated acrylic, brominated polystyrene, etc.). Such com- 

15 pounds are available commercially, such as from Ethyl Chemical Corp., Great Lakes Chemical Corp., Dead Sea Bro- 
mine Co., etc. Also part of the flame retardant package is a synergist, typically e.g., antimony oxide, zinc oxide, and 
sodium antimonate, among others known to the art. Still a third component of the flame retardant composition is a drip 
suppressant, such as asbestos, teflon and the like. Suitable flame retardant compositions are known to the art and the 
selection of the components thereof does not limit the present invention. If a flame retardant composition is present in 

20 the polyester composition of this invention, it is present in a percentage by weight of the total composition of between 0 
to about 20%. 

In addition to the impact modifier composition components which are discussed in detail above, the total polyester 
composition may include reinforcing agents or fillers. Generally, such reinforcing agents or fillers may be present in the 
total composition between about 0 to about 50% by weight of the total composition. 

25 Thermally stable reinforcing agents or reinforcing fibers used in the invention may be any such agents or fibers 
which are thermally stable at the conditions normally used in the production of products from polyester molding com- 
positions. Suitable reinforcing agents include, for example, glass fiber, asbestos fiber, carbon fiber, ceramic fiber, fibrous 
potassium titanate, iron whiskers, and the like. Glass is the most preferred. While fiber is the most preferred form for the 
reinforcing agent, other suitable forms may also be employed in the practice of the invention. Where reinforcing fibers 

30 are used, such fibers should normally have diameters between about 5 and about 30 microns, typically from 10-21 jim, 
and preferably from 11-16 ura Aspect ratios (ratio of length of fiber to diameter of fiber) are desirably at least about 5. 
The reinforcing fiber typically has a length of generally from 1-10 mm, preferably from 2-6 mm and more preferably from 
3-5 mm. Glass f toers, where used, preferably have diameters between about 1 0 and about 1 5 microns and aspect ratios 
of at least about 20. 

35 The reinforcing agent/fiber is employed in the polyester composition generally in the range of about 3 to about 50 
weight percent based on total weight of the total polyester composition, typically 10-35 weight percent, and preferably 
1 0-30 weight percent. As is commonly recognized, the use of such reinforcing agentsrt ibers improves substantially such 
physical properties as tensile strength, f lexural strength, f lexural modulus and heat distortion temperature of the poly- 
ester composition. 

40 Glass or other fibers/agents for use in the invention may be manufactured and incorporated into the composition in 
any suitable manner, such as by separate extrusion blending with the polyester resin, extrusion blending with other 
ingredients of the compositions of the invention or incorporating into the resin or polyester composition during injection 
molding of products from the polyester composition. 

Suitable fillers include, but are not limited to, mica, talcum, day, titanium dioxide and the like. There may be variants 

45 within the same filler type such as, for example, the muscovite type mica (supplied by KMG, Inc.), the phlogopite type 
mica (Suzorite, Inc.) and the like. The size of the filler particles is in the general range of 20-500 ^m, typically in the 
range 30-100 urn and preferably 40-60 ^m. The filler is employed in the polyester composition, generally in the range 
5-35 weight percent, typically 7-25 weight percent, and preferably 10-20 weight percent. 

In one presently preferred embodiment, a polyester composition of the present invention contains about 61 .5% by 

so weight of the total composition of PET with about 3.5% additives. About 1 6% by weight of the total composition is the 
copolymer ethylene/methyl acrylate. About 4% by weight of the total composition is the terpolymer ethylene/methyl acr- 
ylate/glycidyl methacrylate. Finally, about 15% by weight of the total composition is fiberglass. This composition is char- 
acterized by a notched Izod impact strength of about 3.5 ft-lb/in. 

As will be obvious to those of skill in the art, other polyester compositions falling within this description can be read- 

55 ily prepared by resort to the teachings herein. Useful compositions may have a variety of characteristics, depending on 
the use to which the molding polyester composition is put. The primary characteristic of the composition is a good 
notched or unnotched Izod impact strength (ASTM D-256). Generally, the higher the Izod measurement, the better. 
However, other characteristics which are important in the use of these molding compositions are tensile strength, break 
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elongation and tensile modulus, as measured by ASTM D-638; viscosity measured in shear rate of 1 000 sec* 1 at 280°C. 
flex stress and flex modulus (ASTM D-790) and heat deflection temperature (ASTM D-648). Such characteristics are 
conventional in the art. 

Generally, the polyester compositions of this invention are useful in the preparation of molded articles of manufac- 
ture, including without {imitation, automobile panels, automobile parts, industrial plumbing and other construction parts. 

///. Methods of Preparing the Modifier Compositions, the Polyester Compositions and the Molded Articles. 

The polyester compositions of this invention are prepared by resorting to conventional methods. The impact mod- 
ifier composition may be prepared by first dry mixing the components. For example, with regard to the impact modifier 
composition itself, the co-polymers and terpolymers may simply be blended or dry mixed at any convenient speeds and 
at room temperature. 

Thus, the impact modifier composition components may be combined and sold as a physical or mechanical Wend 
for addition to the polyester resin during manufacture of the polyester composition. 

Alternatively the individual components of the modifier composition may be dry mixed directly with the components 
of the polyester resin. The other ingredients of the polyester composition may also be added. 

In preparing molded compositions of the invention, the reinforcing fibers may be intimately blended into the polyes- 
ter resin by any suitable means such as by dry blending or melt blending, blending in extruders, heated rolls or other 
types of mixers, etc. Conventional master batching techniques may also be used. The same considerations apply to 
addition of the other essential or optional ingredients of the composition of the invention, including specifically an inert 
filler of low aspect ratio, the reinforcing agents, the polyester compositions, etc. Suitable blending and molding tech- 
niques are well known in the art and need not be described in detail herein. 

The extrusion may be carried out in a suitable extruder such as for example a twin screw extruder with down-stream 
feeding capability. Many such extruders are commercially available such as, for example, the 40 mm Werner Pleiderer 
twin screw extruder. The extruder may be fed with the resin and additives stated above at the main feeder while the 
glass is fed downstream. The machine temperature is kept at a suitable level above the melting point of the selected 
polyester(s). For PET. for example, the temperature may range 260-300°C. Trie material is compounded and then 
extruded into a suitable shape such as. for example, pellets. The pellets may then be injection molded into suitable 
parts. 

In a preferred embodiment of the invention, the polyester composition of the invention is compounded by dry Wend- 
ing the polyester resin, the reinforcing agent and/or filler and the impact modifier composition, followed by melt mixing 
in an extruder at a temperature which exceeds the melting point of the polyester resin, i.e., with barrel temperatures 
between about 260 and about 300°C. Likewise, in molding products of the invention from molding polyester composi- 
tions of the invention; injection molding is preferred. When injection molding is used, banel temperatures between 
about 260 and 290°C are preferred. In a preferred embodiment, the molding polyester composition of the invention is 
formed by extrusion and pelletized. Products of the invention are then produced by injection molding the pelletized 
extrudate. 

In still another alternative, the individual components of the modifier composition may be added to the extruder sep- 
arately from the polyester resin and other components of the polyester composition. The components may be Wended 
into the molten mixture prior to cooling. There are a number of alternative manufacturing steps which can be employed 
with the compositions of this invention. Such manufacturing steps are intended to be encompassed in this invention, as 
they are routine to one of skill in the art in the preparation of such compositions. 

Finally, the polyester compositions of this invention containing the impact modifier compositions, when obtained by 
the end user, may be dried by any convenient method, remelted and molded into a number of industrially useful prod- 
ucts, as described above. 

The following examples illustrate the preferred compositions and methods of the invention. These examples are 
illustrative only and do not limit the scope of the invention. All percentages are by weight unless otherwise indicated. 

EXAMPLE 1: COMPARISON OF IMPACT MODIFIER COMPOSITIONS 

In the following studies, a variety of impact modifier compositions or components thereof were studied in a polyes- 
ter composition which consisted of polyethylene terephthalate and conventional additives, and 15% fiberglass as a rein- 
forcing agent. The indicated modifier composition was incorporated at percentages indicated in column 1 of each of 
Table 1 and TaWe 2. 

For the purposes of the data reported in TaWes 1 and 2, standard ASTM tests were conducted on the polyester 
composition. For example, viscosity was reported at a shear rate of 1000 sec" 1 ; tensile stress and flex stress are 
reported in kpsi, break elongation is reported in percentage; tensile modulus and flex modulus are reported in mpsi. 
notched Izod and unnotched Izod impact results are reported as ft-lb/in., heat deflection temperature (i.e., deflection 



: <EP 0838501 A2_l_> 



6 



L 



t 



EPO 838 501 A2 



temperature under load) is reported at 264 psi and reported in °C 1 and at 66 psi reported in °C 2 . These characteristics 
are tested using the ASTM test designations identified above. 

The following components are used in the Tables 1-2 below. COMPONENT A represents a commercial composi- 
tion of ethylene ethylacrylate (Union Carbide). COMPONENT B represents a terpolymer of ethyl en e/methyl methacr- 
5 ylate/glycidyl methacrylate with a high (i.e., greater than 5% by weight) epoxy (glycidyl) level (Elf Atochem). 
COMPONENT C is a terpolymer of ethylene/methyl methacrylate/glycidyl methacrylate with a low (i.e., less than 5% by 
weight) epoxy (glycidyl) level (Elf Atochem). COMPONENT D is a 70%/30% ethylene/methyl acrylate copolymer with a 
melt index lower than 5. Suitable co-polymers are marketed by Elf Atochem. 
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As illustrated in the data reported in Table 1 above, individual copolymers (A and D) and terpolymers (B and C) use- 
ful in the present invention, when used alone at the 5% level as impact modifiers, produced Izod impacts similar to com- 
mercial PETs. For example, for components A through D when used at a level of 5% as impact modifiers in the PET 
composition, the notched Izod impact measurements ranged between 1 .10 to 1 .92. The unnotched Izod impact meas- 
urements range between 5.0 to 9.3 for these same compositions- 
Comparing results of Tables 1 and 2, Component B, when raised from 5% (Table 1) to 20% by weight (Table 2) as 
the impact modifier, produced an increase in notched Izod measurement from 1 .92 to 4.94, and in unnotched Izod from 
9.3 to 20.3. Component C. when raised from 5% (Table 1) to 20% by weight (Table 2) as the impact modifier, produced 
an increase in notched Izod measurement from 1.42 to 2.70, and in unnotched Izod from 6.8 to 14.4. Component D 
alone as impact modifier when raised from 5% (Table 1) to 20% by weight (Table 2) in the composition produced no or 
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little appreciable change in notched Izod (1.25 to 1.3) or unnotched Izod measurement (6.5 to 8.0). 

Thus, it appears that Components B and C are good impact modifiers when used alone, but Component D is not 
an effective impact modifier when used alone in polyester. 

Surprisingly, then, and in accordance with the present invention, an impact modifier composition containing Com- 
ponent B and Component D produced the best results in the PET composition of the experiment. The good results 
appear independent of the ratio of the two components to each other (see Table 2). In fact the best overall results, taking 
into account the other test results as well as Izod measurements, are provided by the impact modifier composition con- 
taining 4% terpolymer B and 16% copolymer D. Another good impact modifier composition contains 14% by weight ter- 
polymer B and 6% by weight co-polymer D. 

EXAMPLE 2: OTHER POLYESTER RESINS 

These examples demonstrate the use of another resin in the polyester compositions of the present invention. 

A. The polyester composition tested contained a polyester resin of about 67.5% PBT and additives, and 7.5% by 
weight polycarbonate. The other components of the polyester composition included 1 2.5% by weight of the rein- 
forcing agent glass fiber. 2.5 % by weight of the filler, glass flake and 10% by weight of the indicated modifier or 
modifier composition. The impact modifiers tested included COMPONENT A of Example 1, the Rohm and Haas 
core shell modifier marketed under the trademark EXL2330, and a modifier composition according to the present 
invention comprised of 3.3% COMPONENT B and 6.7% COMPONENT D of Example 1 . Table 3 shows Izod meas- 
urements which were reported in the ISO Izod tests in kilojoules per square meters. 



Table 3 



Modifier 


Notched Izod 


Unnotched Izod 


10% A 


7.4 


31 


10%EXL2330 


7.9 


33 


3.3%B/6.7%D 


11.2 


45 



The results demonstrate that the impact modifier composition of the present invention is effective in a 
PBT/polycarbonate resin-containing polyester composition. 

B. The polyester composition tested contained a polyester resin of about 80% by weight PBT and conventional 
additives, no filler, no reinforcing agent, and 20% by weight of the indicated modifier or modifier composition. 

The impact modifier compositions of the invention tested included 12% COMPONENT B/8% COMPONENT D 
of Example 1, and 4% COMPONENT B and 16% COMPONENT D of Example 1 . The ISO Izod measurements are 
reported in Table 4 in kilojoules/meter as described immediately above, but in this case are reported at three differ- 
ent temperatures, room temperature (RT), -20°C and -40°C. Room temperature impact of PBT alone would be at 
most 5.5 (ISO method). 



Table 4 





Notched Izod Impact at 


Modifier 


RT 


-20°C 


-40°C 


12%B/8%D 


No break 


15 


10 


4%B/16%D 


18 


16 


10 



This data also shows that modification of impact occurs similarly in a polyester resin matrix other than PET. 
C. Various other compositions containing glass reinforcing agent components ranges from 0 to 30% by weight in a 
PET composition using the 4%B/16%D modifier composition have preliminarily provided data demonstrating good 
impact in the final polyester composition as measured in the ISO Izod tests. 

All references and patents cited above are incorporated herein by reference. Numerous modifications and varia- 
tions of the present invention are included in the above-identified specification and are expected to be obvious to one 
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of skill in the art. Such modifications and alterations to the compositions and processes of the present invention are 
believed to be encompassed in the scope of the claims appended hereto. 

Claims 

5 

1 . A polyester composition having improved characteristics of impact resistance comprising: 

(a) between about 40 and about 90% by weight of the total composition of a polyester resin containing a poly- 
ester and minor amounts of additives; 
w (b) between about 5 to about 25% by weight of the total composition of a component selected from the group 

consisting of an ethylene alkyl acrylate co-polymer and ethylene alkyl methacrylate copolymer, wherein said 
alkyl is CI to CIO; 

(c) between about 5 to about 25% by weight of the total composition of a component selected from the terpol- 
ymer group consisting of ethylene/alkylacrylate/glycidyl methacrylate; ethyl ene/alkyl acrylate/glycidyl acrylate; 

75 ethylene/alkyl methacrylate/glycidyl acrylate; and ethyiene/alkyl methacrylate/glycidyl methacrylate. wherein 

said alkyl is C1 to C10; 

(d) from 0 to about 50% by weight of the total composition of a reinforcing agent; and 

(e) from 0 to about 20% by weight of the total composition of a flame retardant composition. 

20 2. The composition according to claim 1 wherein said polyester resin contains a compound selected from the group 
consisting of polyethylene terephthalate, polybutylene terephthalate, polypropylene terephthalate polyethylene 
naphthalate; polybutylene naphthalate and blends thereof. 

3. The composition according to claim 1 , wherein the total amount of the components (b) and (c) does not exceed 
25 40% by weight of the total weight of the composition of claim 1 

4. The corrposition according to claim 1 wherein said component (b) is an ethyl en e/methyl acrylate copolymer. 

5. The composition according to claim 1 wherein the component (c) is an ethyl en e/methyl acrylate/glycidyl methacr- 
30 ylate. 

6. The composition according to claim 1 wherein said reinforcing agent is selected from the group consisting of glass 
beads; glass flakes; fiberglass, asbestos fibers, mica, talc, carbon fiber, and steel f ber. 

35 7. The composition according to claim 2 wherein said blends comprise at least two of said polyesters in a weight ratio 
of between about 5% to about 50% of the total weight of the combined polyesters. 

8. The composition according to claim 1 wherein the copolymer of component (b) comprises at least about 30% by 
weight of the alkyl acrylate or alkyl methacrylate 

40 

9. The composition according to claim 1 wherein the terpolymer of component (c) comprises between about 1 to 
about 15% by weight of the glycidyl acrylate or glycidyl methacrylate and between about 1% to about 40% by 
weight of the alkyl acrylate or alkyl methacrylate. 

45 10. The composition according to claim 1 comprising: 

(a) about 61 .5% by weight of the total composition of a polyethylene terephthalate polyester composition, said 
composition containing about 3.5 % by weight additives; 

(b) about 16% by weight of the total composition of ethyl ene/methyl acrylate; 

so (c) about 4% by weight of the total composition of terpolymer ethylene/methyl acrylate/glycidyl methacrylate; 

and 

(d) about 15% by weight of the total composition of fiberglass. 

11. The composition according to claim 1 wherein said additives comprise lubricants, stabilizers, antioxidants, stabiliz- 
55 ers, nucleating agents, colorants, mold release agents, ultraviolet light stabilizers. 

1 2. An article of manufacture molded from the polyester composition of claim 1 . 
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13. An acrylic modifier composition for improving impact resistance of polyester compositions comprising: 

(a) between about 10% to about 90% by weight of a first component selected from the group consisting of an 
ethylene alkyl acrylate co-polymer and ethylene alkyl methacrylate copolymer, wherein said alkyl is C1 to C10; 
and 

(b) between about 10% to about 90% by weight of a second component selected from the ter polymer group 
consisting of ethylene/alkylacrytate/ glycidyl methacrylate; ethyl ene/alkyl acrylate/glycidyl acrylate; ethyl- 
ene/alkyl methacrylate/glycidyl acrylate; and ethylene/alkyl methacrylate/glycidyl methacrylate, wherein said 
alkyl is C1 toClO. 

14. The composition according to claim 13 wherein said component (a) is an ethylene/methyl acrylate copolymer. 

15. The composition according to claim 13 wherein the component (b) is an ethylene/methyl acrylate/glycidyl methacr- 
ylate. 

16. The composition according to claim 1 3 wherein the copolymer of component (a) comprises at least about 30% by 
weight of the alkyl acrylate or alkyl methacrylate. 

17. The composition according to claim 13 wherein the terpdymer of component (b) comprises between about 1 to 
about 15% by weight of the glycidyl acrylate or glycidyl methacrylate and between about 1% to about 40% by 
weight of the alkyl acrylate or alkyl methacrylate, with the balance being ethylene. 

18. A polyester composition containing at least 1 0% by weight of the composition of the acrylic modifier composition of 
claim 13. 

19. An article of manufacture molded from the polyester composition of claim 18. 

20. A method for increasing the strength and impact resistance of polyester compositions comprising adding to a pol- 
yester resin a modifier composition of claim 13. 

21 . The method according to claim 20 further comprising the steps of: 

(a) melting a polyester resin containing a polyester and minor amounts of additives at a temperature in excess 
of the melting temperature of said polyester in an extruder; 

(b) adding to the composition of step (a) a modifier composition comprising between about 10% to about 90% 
by weight of a first component selected from the group consisting of an ethylene alkyl acrylate co-polymer and 
ethylene alkyl methacrylate copolymer, wherein said alkyl is C1 to C10; and between about 10% to about 90% 
by weight of a second component selected from the terpolymer group consisting of ethylene/alkylacrylate /gly- 
cidyl methacrylate; ethylene/alkyl acrylate/glycidyl acrylate; ethylene/alkyl methacrylate/glycidyl acrylate; and 
ethylene/alkyl methacrylate/glycidyl methacrylate, wherein said alkyl is C1 to C10; 

(c) optionally adding to the composition of step (b) a reinforcing agent; 

(d) optionally adding to the composition of step (c) a reinforcing agent; 

(e) extruding the molten composition resulting from steps (a) through (d) from said extruding apparatus, 
wherein said composition extrudes as an intimate mixture; 

(f) subjecting said mixture of step (e) to means to decrease the temperature thereof and solidify said mixture; 
and 

(g) subjecting said solid composition of step (f) to means to reduce its size. 

22. The method according to claim 21 wherein said steps (a) through (d) are performed simultaneously. 

23. The method according to claim 21 wherein said steps (a) through (d) are performed sequentially 
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FIG. 1B 
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FIG. 3 
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